Recently-we have been able to resolve the rare gas core contribution in long-slit angular correlation of annihiłation radiation curves for some d-metals when applying a new model to fit the experimental data. In the present paper the model is applied to angular correlation of annihilation radiation spectra for the whole series of the 3d-transition metals from Sc to Cu. The model corresponds to recent theoretical predictions for the metals from the second half of the series and allows one to find the contribution of the core electrons to the whole annihiłation process for these metals. Probably a different description of the angular correlation of annihilation radiation data for the metals from the beginning of the 3d-series should be searched.
Introduction
Experimental one-dimensional angular correlation of annihilation radiation (1D-ACAR) data coming from the 2γ quanta annihilation of the positron-electron pairs in any metallic sample deviate from a parabolic shape expected for the ideal Fermi gas. For simple polycrystalline metals the data are usually fitted by the sum of an inverted parabola and a gaussian. In this representation the parabolic part is considered to be due to valence electrons, whereas the gaussian part corresponds to the annihilation with the rare gas core electrons. As early as in 1971 West [1] suggested that only about 80% of the gaussian corresponds to the proper core annihilation and the remainder comes from the contribution of the high momentum components (^IMC) of valence electrons. The suggestion has been next confirmed by sob's calculations [2, 3] showing that the HMC contribution to the gaussian part of ACAR for simple metals is not negligible anyway and amounts from 23% in Na to 34% in Cs and is even larger for polyvalent simple metals (41% in Mg). Such a conclusion results from the values of the λ ΗΜC /(λ c + λHΜC ) ratio, where λ ΗMC and λc are the HMC and core annihilation rates calculated in the above papers.
(13) In Sob's calculations it was taken into account that the experimental annihilation rate is higher than that predicted by the independent particle model (IPM) due to enhanced electron density at the positron position resulting from the electron-positron interaction. The enhancement effect has been intensively studied by a number of authors but unfortunately the unified theory of the enhanced annihilation with different groups of electrons in real metals has not been created up to now. According to the formula given by Sob [3] the ratios of the average enhancement factor (EF) for valence and core electrons in simple metals are larger or equal to 1.8. Hence in these metals the core and valence electrons are clearly distinguishable with respect to the positron behaviour. Not very much is known about the momentum dependence of EF for core electrons. The EF independence of momentum was found in Ref. [4] while the local density approach (LDA) [5] applied to describe positron annihilation with core electrons in alkalis led to momentum dependent EF with large difference in the low-momentum (p < 15-20 mrad) and high-momentum (p > 20 mrad) regions. The average values of EF for low-momentum and high-momentum regions are in very good agreement with those obtained in Ref. [2] . As the HMC of valence electrons contribute a lot essentially in the same momentum region as core electrons the HMC enhancement factor should also be known. The enhancement effect in the (110) HMC zones in Li and K appeared to be similar in magnitude to that in the central zone [6] . In their empirical approaches Sob [7, 8] and independently Mijnarends and Singru [9] proposed the energy-dependent EF, which was quite successful when applied in the local density approximation to describe electron-positron interaction (for a recent review see [10] ).
Not everything is clear as far as the EF with different electron groups in simple metals is concerned but the situation is worse when d-metals are taken into account. At present two methods, local density approach and Bloch-modifled ladder approach are used in treating the e-p interaction with d-electrons, but a tue many-body theory of positron annihilation with d-electrons is needed to find a better agreement with experiment in both lifetime and angular correlation results.
The annihilation rate with rare gas core (rgc) electrons in d-metals has been thought to constitute only few per cent of the total rate [11] . The author of Ref. [3] calculated, however, that in 3d-and 4d-metals the rgc part of the total annihilation rate amounts to 9% in Zn and even to 37% in Sc. It is worthy to mention also the paper [12] , where the momentum densities of e-p pairs, positron annihilation rates, and e-p enhancement factors for rgc electrons in 27 simple and d-metals were determined using various parameters in the calculation of electron and positron wave functions. The LDA method used in Ref. [12] led to a fairly good agreement of the calculated total annihilation rates with the experimental ones. The rgc contribution to the total annihilation rate, according to the results of Ref. [12] , changes from about 25% for Sc-Cr to over a dozen percent for Fe-Cu.
The contribution of the rare gas core annihilation to the 1D-ACAR for noble and d-transition metals has usually been neglected and the simple parabola and gaussian (P +-G) model has been used to fit the data although the values of the normalized x2 have never been close to 1. The parabolic part of the curve for these metals was thought to originate from valence electrons, while the gaussian part was ascribed mainly to d-electron annihilation. The contribution of the valence electron HMC to the gaussian has never been explicitly calculated in d-metals nor has been extracted from the experimental ACAR data.
In Ref. [13] a profound analysis of long-range ACAR data for some d-transition and noble metals was presented. We aimed to find three different functions describing the annihilation with three different electron groups, the nearly free (NF), d-like, and rare gas core electrons. The annihilations with NF and rgc electrons were assumed to be represented by a parabola P and a wide gaussian Gw, respectively, as in the case of simple metals. The d-electron part of the ACAR data was described by a socalled Ferrell function F being the product of a gaussian and a biquadratic polynomial. The P + F + GW fit, unsuccessful when applied to short-range data of (-23, 23) mrad, turned out to be a very good one if applied to the long-range data of (-35, 35) mrad. As far as we know, this was the first experimental evidence of rare gas core annihilation contribution to the 1D-ACAR in d-metals. The new model was next successfully applied to ACAR data for Pd-Ag . and Pd-Au [14] as well as Pd-Ag-H and Pd-Au-H [15] alloys allowing the investigation of the electronic stucture of those systems. In the present paper the model is applied to ACAR data for the whole series of the 3d-transition metals with the aim of establishing the contribution of rare gas core electrons (the value of the parameter Gw) to the total angular correlation curve.
Measurements and results
The samples of 3d-transition metals for the ACAR measurements were prepared by a standard procedure. Pure metals (the purity is given in Table I) were melted under argon atmosphere in an arc furnace except for Sc and Co that were bought in the shape of metal plate. The melts were cut into two hemispheres and the surfaces were polished mechanically. All the samples were subjected to annealing at an appropriate temperature (see Table I ); for V and Cr, with higher melting temperature, the graphite furnace was used. The effect of annealing was controlled by positron lifetime measurements using a spectrometer with 330 ps time resolution. The data were analysed by Positronfit program and the resulting lifetimes are collected in Table I . We also show the positron lifetime values obtained by other authors. From the comparison it follows that our value for Mn is too high; it does not fit into the values for the other metals, either. But generally our positron lifetime values allowed us to state that the samples were well prepared to angular correlation measurements.
The ACAR data were obtained using the long-slit geometry apparatus with the angular resolution of 1 mrad. The measurements were carried out in the range of (-37,37) mrad with 0.5 mrad step. The number of counts at maximum was about (5-8)x 10 4 . The P + F + Gw model, as we mentioned in Sec. 1, proved to be a very good one for some d-transition and noble metals, so we have tried to check its applicability to whole 3d-metal series. Some parameters of the fit are given in Table II . From the point of view of the X2 value, the model works well for all the metals except of Sc. The examples of the P + F + Gw fit to ACAR data and the normalized differences between the experimental data and the model for Sc and Co are presented in Fig. 1 and Fig. 2, respectively . From the tendencies in the fitting (Fig, 1b) incorrectness of the model for Sc is clearly visible. It should be stressed however that the results for Ti are sensitive to the starting fit parameters; some sensitivity is also observed for V.
As we have pointed out earlier, the wide Gaussian in P + F + Gw model is thought to represent the contribution from the positron annihilation with the rare gas core electrons. Its fraction, the parameter Gw F in Table II , can be compared with a ratio of the calculated core annihilation rate λc to the experimental rate λ e x p . I n T a b l e I I s u c h a c o m p a r i s o n i s p r e s e n t e d w i t h λc v a l u e s t a k e n f r o m R e f . [ 1 2 ] and λexp from our lifetime measurements. We employed here the value of λ° resulting from the calculations with a solid state electron configuration and unperturbed positron wave function; the other calculated λc values do not differ too much [12] . An excellent agreement between Gw F and λ c /λexp for V, Co, Ni and Cu, and quite a good one for Fe was found. For the other metals some differences appear; whereas for Ti the difference between theory and experiment is not big, for Sc the Gw F is twice as large as λ c /λexp , and for Cr and Mn amounts to about one half and one third of λ c /λ exp , respectively. Tlus the model works much better for the metals from the second half of the series than from the first one. It seems that another function than wide gaussian should be found to describe core contribution to ACAR for the metals from the beginning of the 3d-series. Maybe the fact that the enhancement faction for core electrons in these metals are different in the lowand high-momentum regions [2, 12] makes finding of the proper function difficult.
Some systematics found in Gw F values in the results for all the metals we have examined hitherto is worth mentioning. The Gw F, which amounts to over a dozen percent for the metals from Fe to Cu, diminishes to about 7% in Pd and Ag [13, 14] and drops to about 3% in Au [15] . The decreasing tendency in Gw F value when going from 3d-through 4d-to 5d-metals is not in compliance with the behaviour of respective λ c /λexp values, with λ c from Ref. [12] . For V, Fe, Co, Ni and Cu the agreement, as we have shown above, is very good. The reason for the discrepancy for 4d-and 5d-metals has not been found yet.
Let us draw some additional conclusions resulting from fitting ACAR data by the P + F + Gw model. Angular correlation data allow one to calculate the number NNF of nearly free electrons per one metal atom according to the simple formula where Α is the atomic mass, p -substance density in g/cm 3 , and x p -parabola cut-off in mrad. The numbers NNF calculated according to Eq. (1) are in Table II . They are in quite good agreement with the numbers of s+p electrons in the solid state configuration of 3d-metals [19, 20] being close to 1.4 el/at. Discrepancy, as one could expect, appears for Sc, but a larger NNF value for Ti should also be noticed. So, from the point of view of NNF, the model we have applied is very good.
To conclude we can state that our model is very good for Fe, Co, Ni and Cu, i.e. for the metals from the second half of the series. The model allows one to find a contribution of the ionic-core electrons to the whole angular correlation curve. However a different model to describe the ACAR data for the metals from the beginning of the 3d-series should be searched.
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